The sequence of the major nucleocapsid protein (NP) mRNA and its encoded protein were deduced by sequencing a cDNA clone representing the complete mRNA. The cDNA sequence was confirmed by dideoxynucleotide sequencing of purified viral genomic RNA by primer extension using synthetic oligonucleotides. The NP mRNA contains 1641 nucleotides exclusive of poly(A) and encodes an NP protein of 515 amino acids. Alignment of the human parainfluenza type 3 virus (PF3) NP protein sequence with that of Sendai virus showed that the two proteins shared considerable sequence identity (58.8~). Additional comparisons provided highly significant statistical evidence that the PF3 NP protein sequence is related to those of measles and canine distemper viruses, but there was no evidence of relatedness with the nucleocapsid proteins of respiratory syncytial virus, influenza B virus, or vesicular stomatitis virus.
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SUMMARY
The sequence of the major nucleocapsid protein (NP) mRNA and its encoded protein were deduced by sequencing a cDNA clone representing the complete mRNA. The cDNA sequence was confirmed by dideoxynucleotide sequencing of purified viral genomic RNA by primer extension using synthetic oligonucleotides. The NP mRNA contains 1641 nucleotides exclusive of poly(A) and encodes an NP protein of 515 amino acids. Alignment of the human parainfluenza type 3 virus (PF3) NP protein sequence with that of Sendai virus showed that the two proteins shared considerable sequence identity (58.8~). Additional comparisons provided highly significant statistical evidence that the PF3 NP protein sequence is related to those of measles and canine distemper viruses, but there was no evidence of relatedness with the nucleocapsid proteins of respiratory syncytial virus, influenza B virus, or vesicular stomatitis virus.
The genome (vRNA) of human parainfluenza type 3 (PF3) virus is a single negative strand of RNA of approximately 15 000 nucleotides (Storey et al., 1984) . cDNA cloning and sequencing experiments identified six PF3 virus mRNAs that encode the six known unique viral structural proteins, namely the major nucleocapsid protein NP [66000 mol. wt. (66K) to 68K], a nucleocapsid phosphoprotein P (83K to 90K), the large nucleocapsid protein L (200K), the nonglycosylated matrix protein M (35K to 40K), the fusion glycoprotein F (60K to 63K) and the haemagglutinin-neuraminidase glycoprotein HN (69K to 72K) (Storey et al., 1984; Jambou et al., 1985; Sanchez & Banerjee, 1985a, b; Wechsler et al., 1985a, b; Spriggs & Collins, 1986a, b; Galinski et al., 1986) . Additionally, the P mRNA contains a second, overlapping open reading frame that encodes the unique non-structural C protein (22K) (Spriggs & Collins, 1986b) . Dideoxynucleotide sequencing of intergenic and flanking gene regions in vRNA established that the PF3 virus gene order is 3'-NP-P + C-M-F-HN-L-5' (Spriggs & Collins, 1986a) . These studies showed that PF3 virus and Sendai virus share a high degree of homology with regard to genome map, sequences of the intergenic, gene-start and gene-end signals, and sequences of the F, HN and P + C mRNAs and proteins , Elango et al., 1986 , Spriggs & Collins, 1986a .
As a continuation of these studies, here we report the complete sequences of the PF3 virus (strain 47885) NP mRNA and its encoded protein and describe the degree of homology of PF3 NP with the major nucleocapsid proteins of several other negative strand viruses.
Three NP cDNA clones, pPF5-1 (insert size approximately 1700 bp), pPF5-5 (approximately 1100 bp) and pPF5-17 (approximately 1700 bp) were analysed and identified by RNA blot hybridization and hybrid-arrest of translation in vitro (unpublished data; . Preliminary sequence analysis showed that the three cDNAs were co-terminal at one end; this common end terminated in poly(dA) tracts and was presumptive evidence that all three cDNAs contained the 3' mRNA end. For the two longer cDNAs, pPF5-1 and pPF5-17, the (Gupta & Kingsbury, 1984 , Collins et al., 1985 . The sequence of the 5' end of the NP mRNA is shown in anti-message sense. The open circle indicates a product that might represent extension on a postulated leader RNA-NP mRNA polycistronic RNA (see text).
other cDNA end was approximately co-terminal, with pPF5-17 being longer by 7 nucleotides. pPF5-17 was then sequenced in its entirety in both strands by the chemical method (Maxam & Gilbert, 1980) and was found to contain a viral sequence of 1641 nucleotides exclusive of homopolymer tails (Fig. 1) . In order to map the 5' end of the NP mRNA, a 17-nucleotide synthetic oligonucleotide (ATTAAATGTATCAAATA, vRNA-sense) was 5' end-labelled, hybridized to intracellular m R N A and extended with reverse transcriptase under conditions for dideoxynucleotide sequencing (Fig. 2) The primer extension products shown in Fig. 2 included a minor band that was 55 nucleotides longer than the band representing the NP m R N A end. We suggest that this additional product represents extension on a minor, polycistronic RNA derived from readthrough transcription of a postulated leader region and the NP gene. An analogous leader-NP polycistronic RNA has been described for vesicular stomatitis virus (Herman & Lazzarini, 198 I) . The predicted length of 55 nucleotides for the postulated PF3 virus leader RNA is identical to the length of the Sendai virus leader RNA (Shioda et al., 1983) .
To confirm the authenticity of the NP cDNA sequence, a series of mRNA-sense oligonucleotides (Fig. 1) were synthesized and used to sequence the NP gene in vRNA Spriggs & Collins, 1986a, b) . This analysis detected a single nucleotide difference: nucleotide 754 was a C in the cDNA sequence and a T in the vRNA sequence (no change at the amino acid level). The sequence shown in Fig. 1 was corrected to represent the vRNA sequence.
Dideoxynucleotide sequencing of the intergenic and flanking gene sequences in PF3 v R N A showed that five nucleotides of the poly(A) tail of the NP m R N A were represented directly by five U residues in vRNA immediately following the gene (Spriggs & Collins, 1986a) . These five A residues are included in the sequence shown in Fig. 1 and indicate that the complete NP gene contains 1646 nucleotides.
The 5' end of the NP mRNA, 5' A G G A T T A A A G , is consistent with the semi-conserved 10-nucleotide sequence 5' A G G A N N A A A G that constitutes the 5" ends of the P, M, F, H N and L mRNAs of PF3 virus (Spriggs & Collins, 1986a) . Thus, the NP gene initiates with a conserved gene-start sequence.
The 3' end of the NP mRNA, 5 ' . . . AAATAAG-poly(A) was identified unambiguously because it was contained in three independent cDNA clones and was confirmed directly by dideoxynucleotide sequencing of vRNA (data not shown, Spriggs & Collins, 1986a) . The corresponding complementary sequence in vRNA, 3' UUUAUUCUUUUU, is consistent with the semi-conserved gene end sequence 3' UU~AU~UUUUU described for the P, F and HN genes of PF3 virus (Spriggs & Collins, 1986a) . Thus, the NP gene terminates at a conserved gene-end sequence. Alignment (Wilbur & Lipman, 1983) of the nucleotide sequences of the PF3 virus NP mRNA with that of Sendai virus revealed 56.7~ sequence identity overall. Features of this nucleotide alignment (not shown) included: strong homology of the gene-start and gene-end sequences (80.0~o and 83.3 ~ identity, respectively); weak homology of the 5' non-coding regions exclusive of the gene-start signal (nucleotides 11 to 55, 22.2 ~ identity); strong homology of the first third of the coding frame (nucleotides 56 to 454, 65.1 ~) followed by a short area of divergence (nucleotides 455 to 522, 27.1 ~); strong homology in the centre of the molecule (nucleotides 525 to 1293, 70.6~); and weak homology for the 3' mRNA ends exclusive of the gene-end signals (nucleotides 1294 to 1634, 35.8~o) .
The N P mRNA contains a single open reading frame of significant length and encodes an NP protein of 5 t 5 amino acids (Fig. 1) . The unmodified form of the N P protein has a calculated tool. wt. of 57 809 and a calculated charge of -9 at pH 7.
Alignment of the PF3 and Sendai viral NP sequences at the amino acid level (not shown) showed that the overall sequence identity was 58.8~, with two domains of moderate to high homology (amino acids 1 to 133, 69.2 ~ identity; 161 to 386, 80-4~) and two regions of apparent sequence divergence (134 to 160, 15.4~; 387 to 515, 20.3~). Hydropathy plots of the two proteins (not shown) were very similar, indicating that this general feature of protein structure was retained even in areas of sequence divergence. Interestingly, the two areas of sequence divergence coincided with hydrophilic domains, while the areas of greatest homology coincided with hydrophobic domains at the centre of the molecule and near the amino terminus. In previous work (Heggeness et al., 1980) , treatment of Sendai viral nucleocapsids with trypsin identified two NP protein domains: a 48K amino-terminal domain that was protease-resistant, presumably due to association with vRNA and neighbouring NP subunits, and a proteasesensitive, exposed carboxy-terminal domain. Morgan et al. (1984) extended these observations by confirming that the protected fragment has a relatively higher content of basic and hydrophobic residues, consistent with interaction with RNA and protein, whereas the trypsinsensitive domain has a higher content of hydrophilic residues and contains the majority of phosphorylated residues (Hsu & Kingsbury, 1982) . This supports the view that the carboxy terminus of the N P protein of Sendai virus (and PF3 virus) is outside the nucleocapsid, available for interaction in RNA synthesis or nucleocapsid packaging. Here, we add the observation that this domain has the added property of sequence divergence. The asymmetric pattern of nucleotide and amino acid sequence conservation and divergence described above closely parallels the previous comparison of the NP proteins of the canine distemper and measles morbilliviruses (Rozenblatt et al., 1985) .
It was of interest to define statistically the relationships among the NP proteins of PF3 virus, the other paramyxoviruses sequenced to date, and several other negative strand viruses. Alignments were made and analysed with the matrix of Dayhoff (1978) , which scores both matches and mismatches according to empirically determined patterns of amino acid conservation and substitution among protein families in the sequence database. As shown in Table 1 , scores are expressed in standard deviations relative to a mean score of alignments of randomized permutations of the two sequences, which corrects for sequence content. This scoring matrix was designed specifically to detect and quantify distant relationships. The results shown in Table 1 confirm the close relationship between the NP proteins of PF3 virus and Sendai virus. For measles and canine distemper viruses, the percentage sequence identity was insufficient to be significant, but the scoring matrix of Dayhoff provided highly significant statistical evidence that the PF3 virus NP protein is related to both morbillivirus NP proteins. Interestingly, PF3 and measles viruses provided the closer match, possibly reflecting in part the fact that both are human pathogens. Overall, these data strongly support the interpretation that the N P proteins of parainfluenza viruses and morbilliviruses represent divergent evolution from Dayhoff (1978) . The mutational data matrix used in scoring was 250 PAMs and the gap penalty was the recommended value of 6. The sources for the published sequences were as follows: Sendai virus (Morgan et al., 1984) , measles and canine distemper viruses (Rozenblatt et al., 1985) , human respiratory syncytial virus (Collins et al., 1985) , vesicular stomatitis virus (Gallione et al., 1981) and influenza B virus (Briedis & Tobin, 1984) . The published sequence for canine distemper virus is incomplete and probably lacks approximately nine amino acids representing the amino terminus.
t Number of identities divided by number of possible matches. ~: Each alignment score is expressed as the number of standard deviations from the mean of scores for 20 randomized permutations of the two sequences (Dayhoff, 1978) . Values of 3 and above are considered indicative of an authentic relationship. a common ancestral protein.
In contrast, alignment of the NP protein of PF3 virus and respiratory syncytial virus provided no evidence of relatedness (Table 1) . This result was surprising because previously the F proteins of these viruses had been found to be clearly related (8.5 standard deviations) when compared by the same methods . Sequence comparison of additional paramyxovirus genes is in progress to investigate further the relationships among these viruses. Finally, there was no detectable homology between the PF3 virus NP protein and its counterparts in influenza virus and vesicular stomatitis virus (Table 1) . It should be noted that an apparent lack of homology does not preclude the possibility of a common, distant ancestry. Indeed, the homologies in the genome maps of the parainfluenza viruses, respiratory syncytial virus and vesicular stomatitis virus are suggestive of a common ancestry . If so, the lack of statistically significant amino acid homology described here is suggestive of extensive divergence. One interpretation of these observations is that the NP and F genes of respiratory syncytial virus and PF3 virus have different rates of sequence divergence, with NP changing more rapidly than F.
While this manuscript was in preparation, Galinski et al. (1986) reported a similar sequence determined from several overlapping cDNAs that represent the complete NP coding frame and most of the mRNA sequence. Several sequence differences are noted here. We were unable to confirm the final 15 nucleotides of the published sequence, 5'... GCTCTGTGTTCAAAA. Instead, analyses of several independent cDNAs and of vRNA determined a different 18-nucleotide sequence, 5'... AAATCAATAATAAATAAG (Fig. 1) , that includes the complete 3' end of the mRNA exclusive of poly(A). As the authors of the earlier work suggested, their use of a RecA competent bacterial host for cloning might have resulted in sequence instability and rearrangement near the homopolymer tails. Other sequence differences are as follows, numbered according to Fig. 1 and listed with the sequence of Galinski et al. (1986) noted first and the present sequence second: nucleotides 150 and 151, CT for TC (no amino acid change); nucleotide 188, G for A (Asp/45 to Asn/45); nucleotides 365 and 366, GA for AG (Arg/104 to Glu/104); and nucleotide 906, G for C (Ser/284 to Thr/284). Apart from the difference at the 3' mRNA end, at least some of these changes might simply represent authentic, naturally occurring variation between the virus populations used by the two laboratories. We do note that the sequence in Fig. 1 was authenticated by sequencing vRNA. The six nucleotide changes that we suggest result in a net gain of four matches with the nucleotide sequence of the Sendai NP mRNA. Also, two of the three suggested amino acid changes (Arg/104 of the published sequence to Glu/104 and Ser/284 of the published sequence to Thr/284) result in two additional matches with the amino acid sequence of the Sendai viral NP protein.
